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Cefoxitin interferes with determination of urinary 17-hydroxycorticosteroids. The apparent concentration of hormone is increased from three-to 10-fold in samples from patients receiving cefoxitin when the Amberlite XAD-2 "Clini-Skreen" column is used. To determine the mechanism of interference, we reacted aqueous solutions of cefoxitin, cortisol, cortisone, and 11-deoxycortisol with phenylhydrazine; recorded the adsorption spectra; and determined the molar absorptivities and the equilibrium and rate constants. Also, we recorded the absorption spectra of phenylhydrazine with eight other cepha antibiotics and benzylperiicillin. Cortisol, cortisone, 11-deoxycortisol, and cefoxitin react with phenylhydrazine and absorb light with superimposable spectra and absorption maxima of 410 nm. The other antibiotics react with phenylhydrazine but absorbance maxima of the products vary, none being at 410 nm. Cortisol, cortisone, and li-deoxycortisol react with phenylhydrazine 35-fold faster, have equilibrium constants ninefold greater, and have molar absorptivities 1.6 times that of cefoxitin. Thus, cefoxitin interferes with determination of urinary 17-hydroxycorticosteroids by forming a chromophore with the same absorbance maximum and with a molar absorptivity similar to cortisol, but much more slowly.
The Porter-Silber reaction is used to determine the concentration of 17-hydroxycorticosteroids (cortisol, cortisone, il-deoxycortisol) and their tetrahydro metabolites in urine. Such measurements are useful in conjunction with other tests in evaluating adrenal function and reserve (1). The kidneys excrete cortisol mainly as tetrahydrocortisone glucuronide (1). In the solvent-extraction method for determination of 17-hydroxycorticosteroids, /3-glucuronidase hyClinical Chemistry Service, Clinical Pathology Department, Clinical Center, National Institutes of Health, Building 10, Room 2C-407, Bethesda,MD 20892.
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drolyzes the steroid conjugates to the free form, and the free steroids transfer to the dichioromethane fraction, while other, possibly interfering, compounds are removed by carbon tetrachloride (2). Reaction of the extract with phenyihydrazine in sulfuric acid forms a product with a peak at 410 nm (2) . One measures the absorbanceat 380, 410, and 440 nm, the first and lastwavelengths being used for the Allen correction. The organicsolvents are difficult and hazardous to work with, so a more recent and easier method is separation with an Amberlite XAD-2 Clini-Skreen column (Brinkmann Instruments)
followed by reaction with phenylhydrazine and measurement at 410 nm without an Allen correction.
Cefoxitin, a cephamycin antibiotic known to interfere with the Jaff#{233} method for creatinine (3), interferes with the Porter-Silber solvent-extraction method for urinary 17-hydroxycorticosteroids (4). Interference by cefoxitin with the column method and the mechanism of interference have not been investigated. In this study we examined the interference with the column method to demonstrate its mechanism and evaluate the potential interference of eight cephalosporin antibiotics and benzylpenicfflin.
Materials and Methods

Apparatus
We used a Model 25 spectrophotometer (Beckman Instruments, Inc., Brea,CA 92621) for absorbancemeasurements of isolated reactions and a Gilford spectrophotometer for absorbances made after separation with the Clini-Skreen column. 
Reagents
Clini
cephaloridine (Sigma).
The phenylhydrazine was dissolved in a solution consisting of nine parts reagent-grade ethanol and 16 parts concentrated sulfuric acid. We dissolved all other compounds in ethanol.
Experimental Design
Clinical studies: We determined the concentration of 17-hydroxycorticosteroids in 24-h urine specimens with the Clini-Skreen method for patients receiving cefoxitin, with a repeat analysis two days aftertermination of therapy.
Cortisone study: To evaluate the response of the column method to cortisone, we added cortisone (in alcohol) to a normal urine to give final concentrations of 0, 0.4, 0.8, 1.2, 1.6, and 2.0 mg/L. We determined the value for 17-hydroxycorticosteroids, analyzing the results by linear regression.
Cefoxitin interference study: Using the Clini-Skreen method, we determined the apparent concentration of 17-hydroxycorticosteroids in urine, from a pool, containing variousconcentrations (0, 0.5, 1.0, 1.5, 2.0 g/L)of cefoxitin. We calculated the sensitivity of the Clini-Skreen method to cefoxitin by regressing the apparent concentration of 17-hydroxycorticosteroids vs the concentration of cefoxitin.
Mechanistic studies: We conducted kinetic experiments with 7 mmol of phenylhydrazine per liter, 5 or 10 mg of cortisol per liter, and 50 or 100 mg of cefoxitin per liter. We mixed 100 mg of the remaining antibiotics per liter with 10 mmolfL phenylhydrazine and recordedthe spectra 24 h later.
To determine rate constants, we plotted -ln [A -AJ vs time, where A is the absorbance at equilibrium and A is the absorbance at time t. The slope of this plot is equal to the pseudo-first-order rate constant, k1, for the reaction.
To determine molar absorptivities and equilibrium constants, we plotted 
Results
Clinical studies. The apparent urinary excretion of 17-hydroxycorticosteroids by patients receiving intravenous cefoxitin was increased, the values ranging from three-to ninefold the baseline value ( Table 1 ). The interference was so great with the urine samples of patient no. 1 that they had to be diluted 10-fold to remain within the limits of linearity of the standard curve. Cefoxitin interference study. The concentration of cefoxitin present in urine and the apparent concentration of 17-hydroxycorticosteroids are linearly related (Figure 1) . The sensitivity of the Clini-Skreen method was 9 mmol of pseudo-17-hydroxycorticosteroids per mole of cefoxitin.
Cortisone study. The response of the column method to cortisone is 5.2 ±0.6 (slope ± standard error) times greater than that of cortisol.
Mechanistic studies. Phenylhydrazine formed products with cortisol, cortisone, li-deoxycortisol, and cefoxitin that have superimposable spectra (Figure 2) , the absorbance maximum for each product being 410 mn. The plots of ln(A + A) vs time were linear, which indicates that each reaction is pseudo-first-order with respect to the compounds reacting Fig. 2 . The spectraof the reactionproductsof phenyihydrazine with cefoxitin, cortisol, cortisone, and 11-deoxycortisol
The spectraare supesmposable with phenylhydrazine. The molar absorptivity for the cefoxitin-phenylhydrazine product is 62% that of the cortisol; that of the cortisone-phenylhydrazine product is 22% greater than that of cortisol-phenylhydrazine ( Table 2 ). The molar absorptivities of the products of the reaction between phenylhydrazine and cortisol or il-deoxycortisol are the same. The equilibrium constants for the reaction of phenylhydrazine with cortisol, cortisone, and li-deoxycortisol are similar, but that of cefoxitin is one-fourth that of cortisol (Table 2) . Given an initial concentration of 7 mmol of phenylhydrazine per liter, the fraction of hormone converted to product exceeds 95%; that for cefoxitin is 85%.
The rates of reaction of phenylhydrazine with cortisol and il-deoxycortisol are similar, but the rate for cortisone is significantly (P <0.01) slower ( #{176}(phenylhydrazinej = 7 mmolILand n 3, exceptforcefoxitinwheren = 4.
cStandard deviations are shown in parentheses.
Deoxycortisol of cefoxitin with phenyihydrazine is much slower than that for any of the 17-hydroxycorticosteroids, being 3.4% that of cortisol (Table 2) .
Phenylhydrazine reacts with benzylpemcillin, moxalactam, cephapirin, cefazolin, cefotaxime, cephamandol, and cephalothin, but none of the products have an absorption maximum at 410 nm ( Table 3 ). The potential interference of each of these antibiotics is best understood when the absorbance of product is evaluated at the same concentration of drug,say 500 mg/L, and compared with that of cefoxitin at equilibrium(the absorbance is combination of the molar absorptivity and equilibrium constant, Table 3 ). The absorbances in Table 3 were all experimentally determined, except for that of cefoxitin, which was calculated.
The phenyihydrazine products of cephalexin, cephapirin, cefazolin, cefotaxime, and cephalothin had absorbances >2.0 and could potentially cause interference, but if the Allen correction were applied, only cephalexin and cefotaxime would continue to contribute more than 20% of their absorban#{233}es (Table 3) .
Discussion
Cefoxitin interferes significantly with the Clini-Skreen column method for the determination of 17-hydroxycorticosteroids. The patients excreted normal amounts of 17-hydroxycorticosteroids, but when they were receiving cefoxitin the determined values were high and thus would be interpreted as abnormal (Table 1 ). The interference is highly reproducible, as seen with patient no. 1, whose treatment had been inten-upted. The doses given the patients were typical, and even higher doses, up to 12 g per day, are recommended in severe infections (6) . Thus 17-hydroxycorticosteroids cannot Table 3 . Absorbance Characteristics of Phenyihydrazine-Antibiotic Products be accurately determined when cefoxitin is being administered to a patient. The linear relationship between the amount of cefoxitin added and the increase in the determined value for 17-hydroxycorticosteroids denotes a mole-for-mole relationship between cefoxitin and interference (Figure 1) . Given that 85% of cefoxitin is excretedunchanged (6), we estimated the interference to be equivalent to 6 mg of 17-hydroxycorticosteroids per gram of cefoxitin in urine.
The steroid hormones cortisol, cortisone, and il-deoxycortisol react with phenylhydrazineto form products that have superimposable spectra. The product of cefoxitin with phenylhydrazine absorbs light with a spectrum identical to those of thesesteroid hormones (Figure 2) . This absorbance at 410 nm by the cefoxitin-phenylhydrazine product and cefoxitin's ability to co-elute with the 17-hydroxycorticosteroids cause the interference.
The typical concentration of cortisol is 27 mol per liter of urine,while patients treated with cefoxitin have approximately 11 mmol of antibiotic per liter of urine. Thus, patients being treated with cefoxitin have about 400-fold more molecules of cefoxitin than of cortisol in their urine. The fraction of cortisol converted to product is 95%, of cortisone 97%, of 11-deoxycortisol 98%, and of cefoxitin 82%, as calculated on the basis of the equilibrium constants. We do not observea huge absorbance by the cefoxitin product, because of its much slower rate of reaction compared with the 17-hydroxycorticosteroids (Table 2) , cefoxitin reacting with phenythydrazine at a rate 3.5% that for cortisol. This difference explainswhy cefoxitin, with a 400-fold greater concentration than cortisol, falls within the expected range of values for 17-hydroxycorticosteroids. Ifthe rate of reaction for cefoxitin was on the same order of magnitude as cortisol, then the absorbance in the test would be too high to measure.
We estimated the relative number of molecules of cefoxitin eluted compared with cortisol by examining the theoretical absorbances and calculated that0.136 mol of cefoxitin is eluted for every mole of cortisol. The other molecules of cefoxitin must either be eluted with the column washes or remain adsorbed to the column.
The molar absorptivity of the cortisone-phenyihydrazine productis 22% greaterthan thatfor products of phenyihydrazine with cortisol or li-deoxycortisol.
We calculated the absorbance per millimole of productsto be 20.2 for cortisol, 24.5 for cortisone, and 20.8 for li-deoxycortisol.
The absorbance difference between the 11-deoxycortisol--phenylhydrazine product and that for cortisol is not statistically significant, whereas the difference between the cortisol and cortisone-phenyihydrazine productsis. Because the column method is calibrated with cortisol, the regression analysis shows that for every mole of cortisone present in a patient's urine, five moles of cortisol will be reported. Also, there is a greater analytical recoveryof cortisone than cortisol with the method. This difference could be medically significant for individual patients.
Other penicillin or cepha antibiotics may interfere with the Porter-Silber assay. We found that none of the nine antibiotics tested formed a phenylhydrazine product with an absorbance peak at 410 nm (Table 3 ). The products of cephapirin, cefazolin, and cephalothin with phenylhydrazine had the highest absorbances at 410 rim, but their absorbances were only a quarter that for cefoxitin. Because in some of the solvent-extraction methods the Allen correction is applied, we calculated the contribution to absorbance relative to that of cortisol. Benzylpenicillin and moxalactam (besides cefoxitin) would have the largest effects, but because their absorptivity at 410 nni is small, the interference is insignificant.
The fact that the absorption maximum for the cefoxitin-phenylhydrazine product is the same as those for the 17-hydroxycorticosteroids is a matter of chance and not ascribable to structural similarities of the products.
One would like to minimize the interference of cefoxitin by modifying the variables in the reaction or estimating the concentration of cefoxitin. The former is not practical, but the presence of cefoxitin could be detected by measuring the absorbance of the reaction mixture at three approximately equal time intervals (30, 60, and 90 mm at 60#{176}C). The reaction of phenylhydrazine with the 17-hydroxycorticosteroids will show little increase in absorbance afterthe first measurement, whereas the reaction with cefoxitin will show considerable increase in absorbance between the first and third. Thus, one could detect the interference and prevent the reporting of an erroneous result.
